Abstract.The analysis of the impact of various modifiers on the mixture and concrete properties is carried out. The conditions of performing foundation structures in Rostov region are pointed out. The usage of rational methods of experimental planning the influence of micro silica compositions on the properties of concrete is investigated. The results of the calculations and statistical assessment of the obtained dependences allow predicting the strength of concrete in compression and, if it is necessary, adjusting the composition.
Introduction
In the 80s of the last century the extra strong, quick-hardening modified concrete with low permeability, high corrosion resistance and durability is used in the construction industry of the world [1] [2] . The structure of modifiers contains micro silica fume.
The research papers intended to improve the effective usage of micro silica (MS) (fumed silica, amorphous silica, micro silica) is carried out since middle of the last century [3] [4] [5] [6] [7] [8] . Initially the usage of MS in concrete was explained by the problems of environmental protection. The first experience of using MS in concrete was done in 1971 at Fisko metallurgical plant in Norway [9] . In 1978 Norway government adopted a standard of using silica fume in concrete. In Canada, the usage of silica fume in concrete was approved in 1981, and then the procedure was done in other countries [3] .
The popularity of using silica fume in concrete with high performance characteristics is not reduced until the present time [10] . In many developed foreign countries, the share of modified concrete used in construction industry is approximately equal to 100%. In Russia, despite of the strong theoretical basis developed by domestic science in the field of concrete modification, the proportion of concrete with modifiers does not exceed 30% of the total volume of produced concrete [11] .
A great number of finely dispersed dust loss is quite optimal for producing ferrosilicon (MS) obtained at Russian metallurgical plants but it is usually sent to the dump, while the UK annually imports more than 120,000 tons of silica fume for producing high-quality concrete in the country [10] .
Despite the undeniable advantages of concrete with silica fume additions confirmed by numerous studies abroad and in this country [12] [13] [14] , they do not widely applied in the construction industry of Rostov region. This fact is partly explained by the lack of accepted general design techniques of forming modified concrete due to the complex nature of the concrete mix components impact on the concrete characteristics. Therefore, the research aimed at studying the patterns of various factors impacts on the properties of modified concrete which is still relevant nowadays.
Material and methods
Analyzing the research papers concerning the modified concrete properties carried out in recent years, the researchers point out that the majority of these papers are intended to study the complex additives for obtaining concrete compositions with the highest performance characteristics. Moreover, high quality ballasts' for producing concrete were used in studies. Evaluating the effectiveness of using concrete additives is usually done by reducing the amount of cement in the composition mixture or by increasing the strength of the concrete. However, the price for MS is significantly higher than the cost of Portland cement, therefore, the usage of MS is hardly supposed to be profitable in the case [10] .
However different types of the concrete with different design characteristics can be applied at various construction objects for different conditions. In case of using different modifiers sometimes a well known design technique can be hardly acceptable, as it has been proved by an ever increased number of laboratory tests. The process of using modifiers can influence the concrete price, so the customers and manufacturers of the concrete unwillingly try to use new compositions to reduce the costs.
In existed soil state the requirements to the concrete characteristics are significantly increased resulting in a significant increase in prices to concrete mixes as common compositions. This fact motivates customers and manufacturers of the concrete to use progressive methods to meet the modern requirements.
At present time the construction of different objects is being carried out in the town Shakhty. Most of engineering-geological segments located near the soil surface are characterized by sagged surface characteristics and by groundwater, though in some areas the depth of sulphate aggressive groundwater level does not exceed 1.0 m. Besides there are some surface deformation processes connected with mining. These factors require to use special measures to improve sustaining capacity of foundation materials and complex structure foundations. Special requirements are known to be applied to the concrete
The department "Construction and Techno sphere safety" is carrying out comprehensive studies of the concrete properties with various additives for the construction companies. Paying attention to the requirements of customers concerning certain characteristics of the concrete the main task is supposed to minimize the price for the concrete materials. Therefore, taking into account the unique characteristics and multifunctional action of MS it is possible to increase frost resistance, abrasive strength, and resistance to various types of corrosion by means of increasing the concrete strength characteristics and reducing its permeability. It was proved at the first stage of the research experiment when the assessment of the impact of MS on the strength concrete characteristics was carried out.
The process of investigating the behavior of multi component systems is quite complicated task, so it is easier, to get dependences of the concrete strength on the amount of main components of the mixture. This procedure will determine the ingredients composition to obtain the desired strength of the concrete under a certain condition with given mobility of the mixture.
Since the concrete properties will depend mainly on three components (cement, water and MS additive), the dependency determined by means of conventional methods requires much time and a lot of materials. Therefore, in this case the most rational is to use methods of planning experimental procedure [15] [16] .
The most convenient, in our opinion, is a rational method of planning experiment process done by Brandon. The application of this method is explained by the fact that the experimental matrix has fewer test numbers than it may have when using other methods and the experimental results can be graphically expressed by means of sufficiently simple processing. And besides, the model is not built as a polynomial, but it is rather a product with autonomous functioning factors, ie. , having distinct physical meaning. The fact let the researchers describe complex types of dependencies of optimizing parameters on independent factors with sufficient accuracy at minimum period of time. At any range of variations it is possible to obtain the required factor space without using complex calculations. The model based on this method can be easily converted into different variables [15] .
If the construction of the mathematical model is not required, it is necessary to determine the optimal ratio of components performing certain dependencies of concrete strength on the amount of ingredients and to select the desired ratio of them demonstrating them with the help of graphs.
The most simple implementation and calculation done by means of this method has a matrix number of variation levels which is equals to the number of factors. Consequently, it is necessary to plan the following levels 1.0 + 1 for three independent factors.
Analyses of the concrete mixture, produced by different companies for construction purposes in the town Shakhty, let the researchers point out that the amount of cement needs is about 250 to 400 kg, and water needs can be 160 to 230 kg per 1 m3 of mixture respectively. Paying attention to required need in minimizing spends on the concrete strength, water to produce the concrete mix, and the optimum amount of additive MS to reduce the high prices of the used materials, the following component variations are applied: cement 300, 330 and 360 kg; MS 20, 30 and 40 kg; water 190, 210 and 230 kg per 1 m3 of the mixture. The amount of ballast stones and sand is supposed to be the same as in case of producing the concrete of the designed class.
To prepare the samples the following ingredients were used, the cement M 500 made by Serebryakovsky plant , the sand was taken from Persiyanovskaya carrier with a module size of 1.61 -1.67, ballast stones fromSadkinskaya carrier with fractions of 10 -20 having compressive strength 90 -110 MPa..
The tests were conducted on samples with edges of 100 mm cube. There were 10 series of samples for nine compositions. For each of these nine compositions included in the experimental design, the slump and strength of samples for 1, 3, 7, 14 and 28 days the assessment of the concrete hardening process was performed. For every range with vibratory compaction 18 cubic meters were produced. Three or four samples were tested under control test terms.
According to the tests results private dependencies of the concrete strength on the amount of cement, the MS and the water in the concrete mixture were calculated and shown in Figure 1 . These dependencies are shown graphically to determine the composition of the intended design strength. According to the results of the statistical analysis [17] (Fig. 2 ) the mutual influence of independent factors on the strength of the concrete is pointed out. R28 -the concrete compressive strength after 28 days of hardening, C, W, Si -, respectively, the amount of cement, MS, and water per 1 m3 of the concrete mixture.
Conclusion
The results of processing the experiment plan the private dependencies of the concrete strength in the compression on the content of the ingredients are demonstrated, they can be justified by a sufficient degree of accuracy at all stages of the concrete hardening as they are supposed to be approximated by linear and polynomial functions. These facts resulted in the equations (1-3) to predict the concrete strength from 1, 3 and 28 days of hardening depending on the number of ingredients in the mixture. 
